Global Change impacts on biogeochemical cycles have been widely studied, but our 33 understanding of whether the responses of plant elemental composition to Global Change 34 drivers differ between above-and belowground plant organs remains incomplete. We 35 conducted a meta-analysis of 201 reports including 1,687 observations of studies that 36 have analyzed simultaneously N and P concentrations changes in leaves and roots in the 37 same plants in response to drought, elevated [CO 2 ], and N and P fertilization around the 38 world, and contrasted the results within those obtained with a general database (838 39 reports and 14,772 observations) that analyzed the changes in N and P concentrations in 40 leaves and/or roots of plants submitted to the commented global change drivers. At global 41 level, elevated [CO 2 ] decreased N concentrations in leaves and roots and decreased N:P 42 ratio in roots but no in leaves, but was not related with P concentration changes. However, 43 the response differed among vegetation types. In temperate forests elevated [CO 2 ] was 44 related with lower N concentrations in leaves but not in roots, whereas in crops the 45 contrary patterns were observed. Elevated [CO 2 
We hypothesized that the impacts of Global-Change drivers on plant elemental 123 composition differ between leaves and roots due to their different functions. We 124 hypothesize that more nutrients will be allocated to roots to improve uptake of the 125 resources not provided by the global change drivers. For example, more nutrients should 126 be allocated to roots under drought, to enhance root primary metabolism and growth for 127 uptake of soil water. To test this hypothesis, we conducted a global meta-analysis of 128 published data on the response of nutrient concentrations in foliar and root tissues of 129 different vegetation types elevated [CO 2 ], N and P fertilization and drought and their 130
interactions. 131

Material and Methods 132
Data collection 133
We searched the ISI Web of Science using combinations of the following keywords: 134 availability, carbon, concentration, content, C:N, C:P, deposition, foliar, CO 2 , leaf, needle, 135 nitrogen, N:K, N:P, phosphorus, plant, potassium, P:K, ratio, root, soil, solution, 136 stoichiometric and stoichiometry. We obtained 838 reports with 14, 772 observations from 137 around the world (see Figures 1-3, S1, S3-S5 ; Table S1 , Supplementary Material). 138
139
Data analyses 140
We examined the effects of Global-Change drivers on the differences of foliar and root 141 elemental compositions and stoichiometries between control and treated plants by 142 calculating the response ratios from each study, as described by Hedges et al. (Hedges et  143 al., 1999). The natural-log response ratio (lnRR) was calculated as ln (
where X i and X n are the values of each observation in the treated and control plants, 145 respectively. The sampling variance for each lnRR was calculated as ln[(1/n i ) × (S i /X i ) 2 + 146
(1/n n ) × (S n /X n ) 2 ] using the R package metafor 1.9−2 (Viechtbauer, 2012), where n i and n n , 147 S i and S n and X i and X n are the treated and control sample sizes, standard deviations and 148 mean response values, respectively. The natural-log response ratios were determined by 149 specifying studies as random factors using the rma model in metafor. The difference in the 150 N and P concentrations and N:P ratios between the leaves and roots of treated and control 151 plants were considered significant if the 95% confidence interval of lnRR did not overlap 152 zero. All statistical analyses were performed in RStudio 3.1.2 (R Core team, 2015). We 153 analyzed only the variables with more than 30 observations available at the Global scale. 154
We thereafter examined the sensitivities of plant nutrient concentrations and their 155 stoichiometries to the Global-change drivers using REML estimation in the rma.unl model 156 for metafor. We defined sensitivity as the change of the variable (N and P concentrations, 157 in mg g 
Results
191
General stoichiometric responses of leaves and roots 192
Studies providing data for leaves and roots of the same plants showed that elevated [CO 2 ] 193 is associated with decreases in both foliar and root N concentrations (Figure 1 ; Table 1 ). 194
The natural-log response ratios (from here onward simplified as response ratios) of N 195 concentrations was thus negative in leaves and roots associated to elevated [CO 2 ], 196 whereas no effect was observed for foliar and root P concentrations (Figure 1 ). Drought was associated with higher N concentrations in leaves and roots, but with a 212 more pronounced increase in roots than in leaves. Drought was related with higher root P 213 concentrations and lower foliar P concentrations ( Figure S1 ). The increases in the 214 response ratio of root P concentrations were more accentuated for severe droughts 215 ( Figure S2 ). N fertilization was associated with higher leaf and even higher root N 216 concentrations ( Figure S1 ). Higher leaf P concentrations and higher root N:P ratio were 217 also associated to N fertilization ( Figure S1 ). Similarly, P fertilization was related with 218 increases in N and P concentrations in leaves and roots ( Figure S1 ). The combination of 219 elevated CO 2 and N fertilization was related with an increase of root N concentration 220
The response ratios of N and P concentrations in leaves and roots in studies 222
providing data for leaves and roots of the same plants thus show a negative sensitivity of 223 increase in response ratio of P leaves concentrations in temperate grasslands ( Figure S3) . 247
A sensitivity analysis of these heterogeneous data confirmed the positive 248 relationships between drought and N and P concentrations in roots and the negative 249 relationships between drought with N and P concentrations in leaves (Fig. S4) . As a result, 250 the N:P ratios in roots presented positive responses to elevated [CO 2 ], whereas the N:P 251 ratio in leaves presented negative responses (Fig S4) . observed suggesting that the lack of P drives the allocation of N mainly to roots to increase 294 the uptake capacity of soil resources. Thus, at the root level, there was a compensatory 295 effect on the response ratio of N and P concentrations when increasing atmospheric [CO 2 ] 296 were combined with higher N availability. The N-dilution effect frequently observed under 297 increasing atmospheric [CO 2 ] is thus logically counteracted by the higher nutrient 298 availability in those combined experiments. However, leaves responded differently than 299 roots. Despite the increased N availability, concentrations of N increased only in roots and 300 still declined in the leaves (Fig. 1) . higher N availability increases body N:P ratios and reduces the species diversity of 344 communities, whereas increases in P availability have opposite effects on food resources, 345 with lower N:P ratios increasing the transfer of energy to higher food levels, further 346 favoring larger food webs (Sardans et al., 2012b) . All these shifts in the elemental 347 composition of plant organs can thus have important flow-on effects on food webs and 348 ecosystemic structure that could be asymmetrical between above-and belowground 349 ecosystemic compartments in some cases and some ecosystem types by the influence 350 that plant above-and below-ground elemental composition exert on the own food web but 
2013). 358
We conclude that increasing atmospheric [CO 2 ], N and P fertilization and drought 359 typically affect the concentrations of N and P in leaves and roots similarly, but in some 360 cases they affect them differently or even oppositely, such as when increasing 361 atmospheric [CO 2 ] is combined with N fertilization. The overall analyses of the changes in 362 N and P concentrations in leaves and roots in response to the studied global change 363 drivers and their combinations suggested that an equilibrium of the concentration effect (in 364 the case of drought or N and P fertilization) and the dilution effect (in the case of elevated 365
[CO 2 ]) with the increasing N and P allocation to roots to enhance the uptake of other soil 366 resources when N and/or P availability increased. Then the results suggest that when 367 several different resources are provided at once enhancing the potential for plant 368 production capacity, more sources are allocated to roots to improve the uptake of 369 complementary resources to those enhanced by environmental changes. This occurs for N 370 and P under drought, for N under N fertilization, for P under P fertilization, for N and P 371 under N and P fertilization and for N when N and CO 2 increase. This is not observed under 372 elevated CO 2 . The dilution effect together with the necessity to maintain N in 373 photosynthetic tissues to take profit of higher CO 2 could explain it. The results also 374 suggest that above-and belowground processes could sometimes be affected differently 
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The authors declare no competing financial interests. 570 571 the variable with respect to the control conditions. 622 Figure 1 . Natural log response ratios of N and P concentrations and N:P ratios in leaves (blue) and roots (grey) due to elevated [CO2], drought, N fertilization, P fertilization, elevated [CO2] + N enrichment, N + P enrichment and elevated [CO2] + drought. The meta-analyses were conducted only with studies that provided data of leaves and roots measured simultaneously in the same plants. Error bars indicate the mean response ratio with 95% confidence intervals. The numbers between brackets indicate the number of reports and observations, respectively, used in the meta-analysis of each variable. (***), (**), and (*) indicate significant differences at (P<0.001), (P<0.01) and (P<0.05) respectively, between treated plants compared with the control plants. Positive response ratios mean that the corresponding global change drivers increased the value of the variable with respect to the control conditions. 338x451mm (96 x 96 DPI) Figure 2 . Sensitivity of the natural log response ratios of N and P concentrations (by ppm of elevated [CO2]) in leaves and roots to elevated [CO2] and sensitivity of the natural log response ratios of N and P concentrations (by kg ha-1 of N enhancement) in leaves and roots to N fertilization obtained in studies that provided data of leaves and roots of the same plants. Error bars indicate the 95% confidence intervals for the mean response ratio. The numbers between brackets indicate the number of reports and observations, respectively, used in the meta-analysis of each variable. (***), (**), and (*) indicate significant differences, at (P<0.001), (P<0.01) and (P<0.05) respectively, between treated plants compared with the control plants. Positive response ratios mean that the corresponding global change drivers increased the value of the variable with respect to the control conditions. 338x451mm (96 x 96 DPI) Figure 3 . Natural log response ratios due to elevated [CO2] and to N fertilization on N concentrations in leaves and roots in different vegetation types obtained in studies that provided data of leaves and roots of the same plants. Error bars indicate the 95% confidence intervals for the mean response ratio. The numbers between brackets indicate the number of reports and observations, respectively, used in the meta-analysis of each variable. (***), (**), and (*) indicate significant differences, at (P<0.001), (P<0.01) and (P<0.05) respectively, between treated plants compared with the control plants. Positive response ratios mean that the corresponding global change drivers increased the value of the variable with respect to the control conditions.
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